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METHOD VOU DRWaTERING OF SLUDGE — *&^™S£ZZ^™T£ 

TiAri^r.onTrNrn ok thF INVENTION bacteria from ihc wastewater. Thereto^ the bacteria must 

BACKGROUND ui i u- in vj_i ^ .^ fts . iccr fron) mt acljvale( j shldge SV slcm l0 koyp lhc 

I Meld of the Invention > activated sludge sysiem opening efficiently and effectively. 

This application is a cvntinitation-m-parl of application IMgeaiion is applied lo n=du« Hit sludg. volume by Ow 
Sci -No WP1 557, filed on Sep. 26, 19% now U.S. Put. consumption of the vested bactcna rom the treatment 

system by other bucicna or by each other. 

This invention relates lo a chemical meibod iof The anionic poly , cfyhrnuk ., hilVc been 

dcw.Knng of biological sludge using ^quaternary _aimne, lb commi5rdally liable arid effective ibf rhc dewaiering of 

aluminum sulfate, Icrrio chloride and blends merooi as the biological sludge which, using a mcsophyllic bacterial 

primary component, method, has undergone aerobic or anaerobic digestion. Until 

2. Description of the Prior Art now, when mcsciphyilu: bacteria arc used, digester systems 

PoWmuric quaternary ammonium compounds (also operate between about fifi fi F. (IS* C.) and aboni 105° V, f40 a 

known as ionene polymers and palyqnu). attuning chin- 13 C), However, ifac aerobic and "^^^^^"S 
nd<* and bromides as anions, have been used for water bciw,en about 60' h ( 5* C.) and abod .105 K 

cladricarion Examples of polymeric quaier nary ammonium W» C.) fa.vc limited ayabiLu*. m iba removal of paifao- 

c n S S w to di-ullyl *-ni«hyl ummonim chloride *»» from the biological sludge, r cse ft^S**™ d « l _ 

.J tvl J L . i - w^^k„^ At m^iK^i r mental io human and animal health and, thus, Inderal and 

( DaDMaC) variety and die epichlorohydun di-mcihy ^ my n ]a[ions afC ^ cnacted w pKVcnt [bc potential 
.mine (cpi-DMA) vanciy, Hnher, eulionic «nd_ anionic 0 ^/ nogcnii r rom Lnicipal sludge Imputation 

polyacrylwdcs, where the canonic or anionic moiety may ^ f wh rc 1 lat f olw ltJiI(la t0 clMlly idling and disposal of 

wuh from various co-monoraws in rhc polymcn^uou ^ m acli ^ aIoc1 &ludgC( 

prtKtrts of polyacrylamidc, have been applied in dcwaicnng ojthouah inert are diffcrcni approaches to controlling 

nwihvdA. lYadiiional polyacrylumide poiymcrs do not coi> ^ palhoaeos hl SC wagc sludge, each method relics on alwring 

lain polyqimornization trom allyl chloride or renin epi- ^ tnv i ronmcnl ao ltlBt [ v becomes a less effective 

DMA. Only within Tlic last three years have polymery lamidea lT)c rfi um a f microbial growih. At icmpcralures of ai kast 

woniinning cuiionic monomer^ based on allyl diloridws, 4 boui 115° F., active bacteria ore of (be iherinopltilicvaricTy, 

been available, However, the copolymers of allyl chlorides Aerobic and/or anaerobic thermophilic microorganism* are 

wiili polymery I amides produce small and weak (Iocs thai arc ^ llsct | lo yarfy uUI afty squired degradation in n th«rmopriiiic, 

dilSculuo handle in iruditional dewawring applicniions. Ln " cxm ] lcrm ( c process. The thermophilic digestion system 
addition, it has been established that these copolymers do m 0 p ttr ^ n g icmpcraiuros (ere{irer than about 5S a 

not compete clTcciively in the marketplace with traditional ^ nr 131° F.) to achieve a substantia I pathogen destruction, 

catio tiio polyaerylantidea. While a fraction of the energy released from the ilicnuo- 

Ahiaiiaum sulfate and ferric chloride arc coagulant* lhat 3 - philic process is srered intracelltilarly to form new cells, a 

have been ua&d for numerous years in water clarificaiion. tetgw fraciion of the energy is released as heal into ibe 

Aluminum sulfate and fwnic chloride are known for iheir environment. 'ITie released heal i& the major heat source ubod 

ubilil.V to produce, ai low cost* a clear, low turbidity^ water lo achieve iho desired operating temperature. Experiments 

produoi Normally, aluminum sulkie and Teiiic chloride have shown ihai between about s,50Q and 13,000 BTU are 

have been added as coagulants to water for u^e in waicr 4VJ released with the thermophilic; digestion of one pound of 

producTion, in drinking water and by plants in dosages. volatile solids (liacieria). By maintaining a sufficient Lcm- 

ranging from approximately IS ppra to approximately ISO pcrature Cor a required period of lime, pathogenic orgum'sims 

ppni. arc reduced to below detectable levels. 

Aluminum sulfate and ferric chloride have also been used Despite the disadvantages of rnosaphyllic badcria, mcso- 

tn prctreat mcsophyllic sludge in dosages ranging from ^ phyllic bacteria arc preferable in relation to the dewaiering 

ubom 500 ppm to about 2000 ppm. Higher dosages arc not of digested sludge. Mcsophyllit: bicteria naturally secrete a 

normally utilized duo lo expense and amount of a heavy polysaccharide which acts as a uckificr providing a chemi- 

meial being added to ihc sludge, when taking into consid- cal mechanism of Qou formation, 'litis chemical mechanism 

cration environmentally loxic failures of heavy metals, is an aid io traditional cuiionic polyacryhunides to begin the 

Meanwhile, traditional polyttcrylamidc polymers uwd for sti dewatcring process. However, thermophilic bacteria do not 

dewaiering have been shown to perform very poorly in tests terete a tacHiLying polysaccharide, f.nrthcrmore, ihermo- 

for dewaiering of sludge that has been digested by any ptrilic bacteria naturally repel each other. This repelling 

thermophilic digosiion process. The goal of downing is to nature of Thermophilic barter* makes the dewatenng of 

convert ihc sludge lo a cake of such dryness that the sludge from ihc thermophilic digestion process expensive 
dcwiiicrcd sludge can be hauled as a solid to a final disposal 55 and difficult. 

sue at minimal cost. To minimi?* the arnouni of siludgp in be Municipal wastewater generally contains ttwr major types 
handled and to minimize dewatcring and handling cnsis of human pathogenic organisms: bacteria, viruses, protozoa 
Associated with the wsMed sludge, most biological irwifrncnt and hclminthfs (pafae»ilic worms). The actual SpecieA and 
systems waste Lhe sludge to a digester or a digestion system, density contained in ihc raw wastewater will depend cm the 
Digestion is a biological process during which the bacteria w hcalih of lhe particular commnniiy and/or sigiiificam ram 
from the [feaimenl system are consumed by other bacteria or water runou* from animal sources. The level ul" pathogens 
by each oilier. Bacteria are used in activated sludge system* contained in (he untreated sludge will depend on ihc flow 
io consume biological oxygen demand (BOD), chemical scheme and ircaimcni iype of ihc wasiewaicr trcaimcni 
oxygen demand (COD), local Kjoldahl nitrogen (TKN). t°ul nidhod. For example, since pnthofipns arc primarily asso- 
orgnnic contcni (TOC) and ammonia from the wastewater, lis elated wiih insoluble solids (non-yolaiite solids), untreated 
thereby making the wastewater fit for discharge into the primary sludge has a higher density of pathogens than the 
environment As the bacteria eonuimu waste from the incoming wastewater. 
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Since pathogens only present ii danger to humans and 
animal* through contact, one important aspect in laud appli- 
cation of sewage sludge is to minimis, if not eliminate, the 
poiciUial for pathogen transport. Minimization of pathogen 
transport is accomplished ilirou gh reduction in vector ati qc- 9 
[ion, Veclors are any living orguoi&wja capitbfeof iniriiniii- 
ting » pathogen from one organism lo another cither direetly 
or indirectly by playing a key role in the life cycle of 
pathogens. Vectors thai arc specifically related to Sewage 
sludge would most likely include birds, rodents and insects. . )n 
Tlie jnujoriiy of vector attraction substances contained in 
domestic sewage sludge is in the form of volatile solids, U : 
left uuaiabilizctl^ these volatile substances will degrade* 
produce odor and attract paihogcn carrying vectors. 
Therefore, the thermophilic digestion process achieves vec- _ 
tor attraction reduction through biological degradation of 13 
volatile solids. 

On Feb, .19, 1003, the Nations! Sewage Sludge Use and 
Disposal Regulation (Chapter 40 Code of Federal Reguki- 
lions Part 503, and commonly referred lo as the 503 
Regulation;*) wiu> published fi) the federal Register, In 
essence, the Regulation establishes several categories in 
terms of stabilization, pathogenic content, beneficial rouse 
and disposal practices for all land-applied sludge. Different 
classes Of technology, which have been recognized by the 
U.S. EPA, have been established in meeting these categories. 
National standards that include heavy metal cooccntraiion 
limit*, pathogenic limits, total hydrocarbon emissions frvtii 
inline raters and management of scwagi* sludge use and 
disposal hf»ve been implemented in several areas, For a 
sludg-s to be liquid land-applied with no site restrictions, it 
must meet the following criteria: heavy metal concentration 
limit*, vector attraction reduction, time -tempera tare func- 
tion and pathogen testing. Since thermophilic digestion is a 
biological process, it cannot be used to reduce the heavy 
metal content of a waste stream, 

Several palenUs that have any relationship whatsoever tu 
the present invention, have been issued in the past decade, 

In U.S. Pal, No, 4,690,971, u*uud to McKheret a I. on Sep, ...... 

1, 1987, a process is presented where water absorbing ^ invention will become apparent from the following specifi 
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These registered patents neither take into account de-wa- 
tering of sludge nor relate t« thermophilic digested sludge. 

SUMMARY Oh TWH INVENTION 

A primary object of ihc invention is to devise a method for 
dewaiering of sludge. 

Another object of the invention is to devise * method for 
dew ute ring of biological sludge thai has been digested by a 
thermophilic digestion process. 

An additional (ibjecl of the invention is to devise a method 
for dcwiLtering of biological sludge, that has been digested 
by d thermophilic digestion process, with pulyqmiusrnary 
amine, aUiminuixt sulfate, ferric chloride and bleud* thereof 
being used as the primary component. 

Yet another object of the invention is to minimize 
expenses and operating capital that are needed in a method 
for dewatering of biological sludge which has been digested 
by a thermophilic digestion process. 

A final object of this invention is to significantly increase 
the efficiency of a method for dewatering of biological 
sludge rhat has been digested by a thermophilic digestion 
process. 

Additional objects and advantages of the invention will be 
set forth in part in a detailed description which follows, and 
in part will be obvious I Torn the description, or may be 
learned by practice of the invention, 

The present invention relates lo the duwalering of sludge 
from biological treatment systems of wastewater treatment 
facilities. Specifically, this invention is directed toward the 
removal of wilier from sludge that has been digested by a 
thermophilic digestion process. A chemical method is pre- 
sented for the demurring of biological sludge using 
polyqudlcmary a mint, aluminum sulfate, ferric chloride and 
blends thereof as ihc primary component. 

It is io be understood that the descriptions of this inven- 
tion arc exemplary and explanatory, but arc not resnicuvc, 
of the invention, Other object and advantages of this 



polymers based on acrylic acid are utilized lo absorb water 
from a granular solid mass to make the granular solid mass 
drier and more easily transportable, 

In U,S, Pat, No. 5,093,078, issued to Mollis ot a I. on Mar, 
3, 1,992, a chemical method is pieSenled where polymeric 4(S 
quaternary ammonium compounds are used to inhibit the 
growth of microorganisms in aquatic systems, to disinfect 
and sanitize surfaces and to disinfect the skin of animals, 
including humans. 

In U.S, Pat. No. 5*112,603, issued to Nadoisky el al, on >,> 
May 12, l°°2, compositions comprising suioctito clay* and 
anionic polymers arc claimed, The composition!, are useful 
as thickening agents in uqucour* systems, 

In U„S, Pat. No. 5,366,637, issued to Turunc on Nov, 22, 
1 904, u method for dewmeriiig the refuse ash generated by 55 
a municipal solid waste facility i& presented where a copoly- 
mer and a nonionic srtrfaciani sdected from the group 
consisting of primary alcohol cihoxylates, secondary alcohol 
GltiuxylttUtf and idkyl phenol «il»oxyUics are uddod to the 
ash, mi 

In U.S. Pat, No, 5,529,700, issued to Kl'er/kowski el at. on 
Jim, 25, 1996, a water treatment composition is presented 
comprising a water-dispersibk ioncrie polymer and a water* 
dispcrsibic dHowcr-allcy] ammonium hatide polymer and 
functioning as algistatic or aluicidai agents when £in effec- 
tive amount of the composition is dispersed in a body of 
water. 



cation and from any accompanying charts, tables, examples 
and drawings, 

BRIEF DESCRIPTION OP CHARTS, TABLES, 
EXAMPLES AND DRAWINGS 

Any accompanying charts, tables, examples and drawings 
which arc kcoiporaied in and constitute a part of this 
specification, illustrate examples of preferred embodiments 
of the invention and, along with the description, serve to 
explain the principles of the invention. 

DETAILED DESCRIPTION OF THIi 
PKKI-'KRft£D EMBODIMENT 

The present invention is described in connection with one 
or more preferred embodiments, However, it should be 
understood that the invention is not limited to those embodi- 
ments. In contrast, the invention includes all alternatives, 
modi fica lions and equivalents as may be included within tb.u 
w i spirit and scopv. of the specification and of the appended 
claims. 

The present invention provider a method for effectively 
and efficiently dcwauiring any sludge > with emphasis on 
dewatering biological sludge from a thermophilic digcsiion 
65 process, 'Mtc muhod, in addition to being capable of dewa- 
tering different fypes of sludges* can nls« dewater mixtures 
of different types of aludgwi. 1-or example, results of tcfata 
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have shown thai ihe method can be applied 10 Juwarcr a 
mixtuio of biological sludge with primary sludge. 

Chemical means may be applied in one of five methods, 
all of which arc n significant operational improvement mad 
yield increased operational savings over dcwaicring mcuV 5 
ckls uulmag traditional polyucrytamideft. The- primary com* 
poiicni in Uic five sludge dewatcring methods is a poiyquu- 
tcrnary amine, preferably of the di-allyl di-mcihyl 
ammouiuBi chloride; (DADMAC) variety and from the 
epichkirohyctriii di-m ethyl amino (opi-DMA) variety. By (he 1n 
(Lrst sludge dcwaicring method, rhc poiyquarar nary amine is 
addod directly, along with ft cationie polyacryhmiide, to the 
biological sludge, Hy the second .sludge dcwaieriug method, 
the polyquatcrnary amine and an anionic poIyacvylamKfc are 
added separately lo ihe biological sludge. By the third sludge i * 
dcwaicring method, a quaicrnized polyaeryUmklc, having 
lb© polygujttcmary amino as part of its polymer chain, is 
produced by copolymer! /ation of acrytomide with mono- 
mers of polyquatcrnary amine quateraisation and i« added 
individually to the sludge, By ibe fourth sludge dcwaic-riiig - n 
method, ihc qiiafcrniaed polyacrylamidc from the third 
sludge dewatcring method is added in concert with a cat- 
ionic polyacrylziraidtf to Ihc sludge. By ihe fifth sludge 
dcwaicring method, polyquatcrnary amine, aluminum 
sulfate, ferric chloride and blends thereof arc added as the 3* 
primary component lo the sludge. 

In some sample leans of Ihc present invention, dewaicring 
polynict(s) arc added to ihc sludge from a thermophilic 
digestion process, However, il should be noted that ihc 
results obtained in the tests are not necessarily limited to 3i) 
sludge obtained from a thermophilic digestion process. 
Current technologies utilize iraditional pnlyacryhm idc 
dowacering chemistry thai cannot effectively or efficiently 
dew a cor sludge from ibe thermophilic digestion process, The 
best performing traditional polyacrylamidc technology mi- 35 
lized at the mk or rhw invention was Nalco vWJ, manu- 
factured by Naieu Chemical, Inc. Usage of Nalco 9909 
results in a dry polymer dosage often near 2,(100 ppm and 
usually near 1,700 ppm treating sludge near A percent solids, 
bven at this dosage, plant throughput was at 20 percent of 
rated capacity. 

Upon application of the present invention, plant through- 
put was, increased by 300 percent (60 percent of rated 
capacity) and the dry polymer dosage requirement was . 
reduced to near $50 ppm, The significant improvements of 
this invention in nludge dewaicring arc accomplished by the 
addition of polyquaie-rnury animus to Ihc sludge. Di-allyl 
di-ffliHhyl ammonium chlorides (DaDMaC) and epichlo- 
rohydrui di-mcthy] amine (cpi-DMA) arc two preferred . 
poly quaternary amines used in sludge dewaioriag. Both of at> 
(hose polyquftteraary amine moieties have been found to 
provide sites for ihc dewatcring of sludge from rhc thermo- 
philic digestion process. 

Several polyquatcrnary amines thai are utilised in the 55 
prcscni invention follow: 

1. a di-allyl di-mcthyl ammonium chloride polymer, hav- 
ing it specific gravity of 1.02 ai about 77° (25* C), a solid 
rotnem of 20,0x1.0 percent, a freezing point of about 27° F, 
(-3* C) and viscosity of 19OUs20O cps at 77* F. (25° C\)> r>l , 
(referred to hereafter as CV 3750, which as other chemicals 
referred to in litis application by a mark including the letters 
"C.y\ is *oid and produced, by Clear Value, Inc. under ihc 
iradenwrk CV™ (hal is being registered at ihe Patent aud 
Trademark Office); 6S 

2. a di-allyl di-meikyl ammonium chloride polymer, 
which is comparable to CV 3750 except for having a 
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viscosity of 4fJOa:2G0 cps at 77° K (25" C), (referred lo 
hereafter as CV 3620); 

3. a di-allyl di-meihyl ammonium chloride polymer, 
which is comparable to CV 3750 except for, having a 
viseoMty of 2100*400 eps ut 77" K C), (refwicd \# 
hereafter its CV 3650); 

'llic higher molecular weight polyquaiorn a ry amines dem- 
onsiraic improved performance. 

Examples of polymers utilized for cpi-DMAure CV 3230 
scries which have a specific gravity of .1.24 at about 77* F. 
(25° (.'.), m activity rait of 5Ctx2 pcrcem, a freezing point of 
about 20° ft (-7° C.) aud a WauiSity nf 46VJ0-9000 cps ai 
77 c F. (25° C). 

in all tcsts» thu higher molecular weight products dem- 
ons! rn led superior performance, 

These polyquaicraary amine moi&ties are added vk one of 
five kludge dewaicring merhods, In the chemical murhnds 
used in this uivontioii, combinations of polyquaiernary 
amine £ind polyaeryhmidcs arc used for dewaicring of the 
sludge. Each polyquatcrnary Mmine chemical comx>oncni 
used in the chemical method is hoc targe enough to create 
large enough floes lo dewater the sbdge, The poiyquausr- 
nary amine components, which ere Me micruflocs t are joined 
in a net and art agglomerated by the polyaeryUmidcs, 
forming llocs fur dewalering, Slower mixing and gentler 
agglomeration rostilt in optimal sine and fttrongth of the 
floes, in addirion to an increase in sizc» the combinations of 
the chemical components alfcci the physical nature of the 
fioes. 

Method one involv«s ibe addition ol' a ptilyquaiurnary 
amine directly to ihc sludge. Since ihe polyquatcrnary amine 
docs not conuitt enough iiiolecular wcjghi for dewnroring of 
the sludge, once the jmcfoflocs of sludge have formed from 
the polyquatcrnary online, a caiionic polyacrylamidc is 
added to form a floe ihm will dewaler well. The ratio of 
polyquatcrnary amine lo caiionic pnlyacryl amide appears to 
he near about 1:1. where rhc polyquatcrnary amine is of high 
molecular weight (eg, from about 500,000 lu about 3,(100, 
000) and where ihe cationic polyacrylamidc is of higher 
molecular weight (e.g. from ahnur 5,000,000 to about 
lti^OOO.OOO). In a preferred embodiment, the ratio of the 
polymeric quaternary ammonium compound with respect to 
rhc canonic poly aery] amide is between about 1:10 to about 
20; 1 by weight. In a thermophilic digested sludge with a 
solids eoinpoiwjil ol" 4,4 percent, u total polymer dosage 
requirement uf near 950 ppm is showu, As the solids 
componcnr of ihc sludge increases or decreases, the anion nr 
of poly quaternary amine and jiolyitcryhmidc increases ot 
doccea.fca proportionately. The polymer concentration ro 
solids component ratio (the ratio of the total polymer dosage 
requirement to the percentage of solids compO(3cm of ihc 
sludge) may vary from about 50 ppm:l percent to about 300 
ppm:t percent, depending on the sludge type, 

Method two involves the addition of a polyquatcrnary 
Jiminc directly to the sludge. Since the polyquatcrnary Amine 
does not contain enough molecular weight for dcwaicring of 
the sludge, an excess tirauuni ol the poiyqunieraary amine is 
added so that a noticeable canonic overcharge exists within 
the microfloc system, This caiufnic overcharge will exist 
when the Mipwuaiani water is rather clear and the si a.- of the 
oiicroflocs ceases to grow with chemical addition, This 
requtnifl approximately 20 to 3(( percent addition increase of 
the polyquaternary amine as compared to method one, An 
anionic t>n1yaerylamide is ih&a added for final flue forma- 
tion. The rario oUpolyquaiernary nmine to anionic polyacry- 
lamidc Appears to be near lO;L by weight «^hcre ihepolyqua- 
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ternary amine is ot high molecular weight (e.g. from about it preferred embodiment of CV SOOO's, with similar back- 

500,000 to about 3,000,000) and where the anionic poly- bone physical characteristic* 

acryhenide is of higher molecular weight (eg. from about g Vcll lll0u£l] m eihcd one, mothod two and method Three 

5,t)()0,ouu to about 1 5,000,000) and i« 40 percent anionic, A, kh 5i&riiflCam improvement, the Wrongest Hoc in ccm- 

m method one, in a pwtcrr<* embodiment , ihe ratio of the s binulio n with the cleanest supernatant arc produced by 

polymeric quaternary ammommti compound wu u^ccl to mclbod ^ ^ r lbt hiiic Lli ^ MC{l slu(lgc wilU , , okls 

Ihc canonic polYacryliimidc is beiwccn about 1:10 to about ^-p* • . U *,^T«i , , „..r 

20:1 hy wcihi. In a thermophilic digested 4udg« wife • ^f™ CT1T * 01111 **°8c 

solid. component of 4.4 perccm, » toul polymer dosage ™" r ° f ' lc * f * 50 PP m ln rn f Ih « 3 nT1c > lhc 

requirement of ow 950 ppm is shown. as the solids in <onccmiuimn:sohds ratio ot the total polymer dos- 

componcmQiiihcUuclscincrU^or^crc^UKamoum in f»= » d* percent;^ ot : solids » prelcnbly 

ol>jyqiuE«a»ry limine and poly, cry (amide increases or ll ™ fpTO™^ percent in a bout 300 ppm: I per- 

totts proportionately, The polymer concentration to T As lb ! sohds «« W <* sludge mcro^cs or 

.olid, component ratio may vary from about 50 ppm:i tefC * 5crt ' ttl f 01 queued I pulyacrylun.de and 

iKrc C nuo a boui3W 17 prn:Ipcfcoii l( dcpcndin g o n ihc^dg C cai^c polyaciylamidc incases or decreases pmporuoo- 

lyp«.CV614(U^n CI iiul S iona>poiymcrui>ly,cTyi^id c 15 polymer r^xo rnay vary Jxom aboui :1U to about 

with acrylic acid, Is a preferable candidate for method two. ^P^«B ?n ^ lh* polywylumA 

CV 6 1 40 has a 40% an ionic chamc- densiry, a upedfic gravity !^" d Co * * a * ™ emulsion or in dry farm, 

of J .03 at about 77* P. [25° C), a frying point of ^ uidiv If 1uai polymers lv , quaterm^d polyacrylamide 

approximately 32* E (0« C), vi^ity ranging from about clUl0Illc polyacrylatmdc) arc ui solution or m dry lorin. 

400 cps io 1200 cps at about 77° F. (25 u C), an activity r«Lc Mtlhud four is capable of individually dcwaicring any 

of ubout <\0% and a flash point ol' approximately 150* F, (65* type of sludge. It 1% important u> note ihai rht cnpabiliiy of 

C), dcwaioring of chc hlcnJ of atomized potyacrylarnido and 

Mtlhod three involve ihc addition of 4 quawrnizcd cationic polyacrylamide is not limited io hwlngicaJ .sludges 

polyacrylainido where the cauonic monomer of the poly* « lhaihavebecndigesietl by a ihciroophilw digeMioa process, 

acrylamidc is derived from a polymeric c|uaicraary ammo- ' Tiltf blcncl of quaierowud polyacryUtmtdc wub catiooic 

nium compound, Ailylic chloride and cpichlorahydrin polyacrylamide could ocwaicr various types nf sludges irom 

di-mtihyl amine arc preferred sources for the caiionic mono- num«niuH sources and Jfl y combmaiiorib oi tbc dmiges. For 

nwr. The nrms? pruned embodiment of the quarcroized «ampfo, a bkod of a biotagicji sludge wiihprimaiy sludge 

polyacrylamide usud is: couk1 bc ^cwaicrcd by method four, 

a copotymor ot polyacrylarukiu with n cationic monoxiwr ' Method five involves the ftddiiion of polymeric tjnater- 

(hat is quaicrnized in rhc polyacryiamido, the copolymer nary ammonium compound*, aluminum sulfate, ferric chlo- 

having a specific gravity of 1.2 at about IT f, (25° C.)> a ^ ^ Wcmte ihcreof, ;zs primary component io the bio- 

frocziiig point of approxunately B fl F. (-5° C), viscosity of logical sludge, Polyacrylamide is then added to the 

less than 1200 cps at about 40 u K (4,4* C), an activity rate 35 biological sludge .such that ihc primary component and the 

of about and a flash point of about 275° (.135° C), pulyacrylamiiics combine io onhanctf dovatcring uC the 

(CV 5380). sludge 

f l"bc (iitaterni^ed polyacrylnmidoh are added directly to ihc In method five as w^ll, the polymeric quaternary amrno- 

sludjie until Jloc formation cUsvclops. In a thurmophilic umm compound* arc from DaDMaC family or from cp> 

digcsTcd sludge with ?i soWtls componciir of 4,4 percent, a <m IWA L'auiily. In « preferred ciubodimont, ihe poiymcrk' 

total polymer dosage requi(omem of near 850 pi^m is sho^vn. quaicraary atnmuiiium compound, aluminum sulfate, ferric 

As in method one and method two, in a preferred chloride and blends ihercttf :nv added directly io t!i^ sludge 

embvidiiDcnl, tbe polymer ctincetilniiiou;SoUds ratio of the and, upon formation of micrafloc* of the sludge from the 

toxai polymer dosage rcqtiiremcnc in relation io rhc percent- polymeric quaternary ammonium compound, aluminum 

afic of solids component of the sludge is between about 50 45 sulfate, ferric chloride and blends thereof, ft caiionic poly- 

ppco:l porctni 10 about 300 ppm;l percent, A& thi; solids acryJamide ib added to form a floe that delators the sludge, 

componeur of the sludge increases or dccrcascii, thcamounr Preferably, ratios of ihe polymuric quaternary ammonium 

of qiifUcrnv/.ed polyacrylanm'dc increases or decreases pn>* compoifocf* with respoct ro alumipum Mijl'nw raiigc from 

puriioiiiitcly, The ^uatcmued polyncrylamide couW bv used about 1:16 to about 1:2 by weight. Ratios of the polymeric 

in rsoluiion or in dry form, 50 quaternary ammonium compounds wi*h respect to ferric 

Metal four involves ihe addition of the polymer formed chloride range from about ca about 1:10 by weight, 

in method three in concert with a canonic polyacrylamide. Ratios of the pnlyacryfamulc with respect to aluminum 

The quaicrnized polyacrylamide, having the polymeric qua- sulfate range from about 1:80 u> about 1;S by weight, Ratios 

ternary ammonium compound an part of its polymer chain, °/ tb ^ polyacrylamide whh respect to funic chloride rau^c 

is produced by copolymerizaiiou of acryl amide with mono* >5 ^ m about 1:70 io about 1:7 by weigh*, 

mers of quaternizarion of the polymeric quaternary ammo- Method live also involve* a polymer concentration 10 

nium compound and is added ro the sludge as a bJtnd with solids raiio of total polymer dosage requirement in rclation- 

ihe catiouic polyacrylamidtj. The calionic pylyacrylamidc *bip [y puree nthgc c»f solids component of the &ludgt> of 

provides a very high molecular weight (e.g. fjt>m abouf htiwen about 50 ppm;l percent and about 300 ppm;l 

5,000^000 \a about t6 > ()£KM^Hf) to build a largt; Htrong Hoc 6U porccni. The polymeric quaternary ammonium compound, 

that dewaieftj well. CV5120, a-s an emulsion copolymer of alumiiuim sulfate, ferric chloride and blends thereof are 

polyacrylamide with a cationic raonOuicr k is a preferable added directly to the sludge, in an amount mi HieioiH to cause 

candidate for method 4. CV 5 i 20 has a specific gravity of forma rion or a calionic overcharge wiihin a developed 

1-03 at about 77° F. (25* O,), a freezing poini nf icpproad- microfloc system, and an unionit: polyacrylamide is then 

mainly 32° F. (O ff C), vivcosiiy ol' approximately '1200 cps o5 addud tor fmal floe formatkm. In a preferred embodiment, 

at aliom 77* K (25* C ( ) s an activity rate of about A0% and iho polymeric quaternary ammonium compound and Ihc 

a flash point of approximately 1 50° K (65 f< 0.), CV Si 20 is anionic polyacrylamide arc in an approximate^ \:H to 20.1 
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ratio by weight, Jn fi profcri'ud embodiment, polymer con- (polyacrylamide wiih a UaIIMaC canonic co-mono mcr) 

ceflzraiiou io solids raiio of total polymer dosage require- along wiih 450 ppm of ClcarValus CV ."S 120 (traditional 

mem in relationship to p«reoni&^c of solids component of pcilyacryhmudc with a medium charge densiiy) were added 

the sludge is beiweet) approximately 50 ppm:l pyrccm and to about 100 ml of sludge from ihc Thermophilic dilation 

approximately SO00 pprml pertain*. i sysiurn. J'tic percentage of soikk in ihc sludge aboul 4.7 

Method five can also be tiaed io treat a mixture of pc-rcem. The jar was guGtly shook for approximately 30 

biological sludge with primary sludge, !n addition, the second*. At 30 seconds, ihc results were observed. Urge, 

polymeric tjutUernary ammonium compounds!, aluminum wrong floe- (e.g. with a diameter of at least about 4 mm) was 

sulfflic, ferric chloride and bUnds thereof, a* well as fofmcd with a very cle^r supernaiaiit. 

pcilyaciylamidc, can be used in johmon, in emulsion or In '° fcxarnple 5 whs repeated wirli varying caiionic charge 

dry form, densities faun itw iradii irwal polyacryiamide polymer*. The 

EXAM PIS 1 



best results were obraitieri with CV 5120. 



Abcnch test was performed mi Iking an electric al variable UXAMPi ,& 6' 

speedbeidversiirsysleuj.Ciirnrnoniyrcfoiredtoatiaiiirtcsi, w 

2ti0ll ppm of CV 3750 (20% active) were added to 500 rni A i >]m rc * Wi * Panned on Sep. 10, 19% al tbe 

of sludge from the thermophilic digestion syMem. The municipal wastewater irealmcnt ttciliiy for ihc Cay of 

percent go of solids in the sludge was ubout 4. 4 percent. Tbu College Walton Tox;»s, This facility fa* a thermophilic 
beaker was, allowed to stir at 120 rpm Cor 30 seconds, At 30 digestion system as denned by Knigcr, Inc. This average 

Msconds, the rpm was reduced to 5)0 and 1500 ppm of CV zo ^mpcratitm of rhc dfgesier is usually near 149° F. C). 

5 120 io b MS percent solution were added io die beaker, Dcwawnns is accomplished on « Sharped Polyrnixer 7*000 

After 15 seconds, the stir *poed was slowed to 30 rpin and ceiimfiigc. Polymer inversion is accomplice! on a Poly- 

mixed for another 3D seconds. Large, heavy floe (e.g. with m1 * cr 500 wlncn * designed for a dry polymer. Normal 

a diameter of ai leuu about -1 mm) was formed with a P 3ai11 operation requires 1500 to 2000 ppm of Naico 9<J09 

suotewhRi cloudy supernatant 25 oh iwnmg variable sludge cake dryness, a final centrfiie that 

i* usually much over 200 ppm of toial suspended solid (TSS) 

EXAMPLE 2 an j a p | ant throughput of 10 to 15 gpm sludge. 

Ajar test was performed utilizing an electrical variable -j'tic centrifuge was; started up on CV 5380 having a 

speed beaker stir *ysiem. 3000 ppm of CV 3o?0 (20% polymer conceniraiion of tsOUppm and a plam throughput of 

active-) were Added to 500 ml of sludge from ilw thcrmn- M) 30'gpm. The kludge produced was Low on cake solids 

philic digestion sysceui. The percentage of solids in the obtaining an average near 12 percenr. The cemraic was lljo 

Kludge was about 4,4 percent, The beaker was allowed io stir [0 200 PSS with nearly all of ihc toul suspended solid from 

al 120 rpm for 30 seconds. At 30 seconds, Ihc rpm was W nali Hoc (eg, of a dkuieior of less than alxwi 1 mm) ihai 

rcducud to 90 and 250 pprti of CV 6140 in a 0.25 percent survived the centrifuge, liven though this was an operational 

solution were added to the beaker, Afier 15 seconds, the stir i5 improvement, the floe produced was weak for the type of 

ipeud was slowed lo 30 rpm and mixed lor unoihci 30 unmount incurred wiihiu the centrifuge, 
seconds. Large, heavy Hoc (c,£. with i\ dbmcjcr of ;u leitsi 

about 4 mm) was formed with a very clear supernatant- EXAMPLE 7 

EXAMPLE 3 A plant tesi was performed on Sep. 10, 1996 lit the 

A jar lesi was performed utilising an e(ectric;d vnriabic * 1U municipal wastewater trwumcni faciliiy for Ihc City of 

sptftsd bciiker jiiir system. M00 ppra of CV 3230 (epi-DMA Colkgc Stanon Texas. This facility hn& a thcrmophiltt; 

with a high molecular woight, eg, over 300>000, and 50% digestion system as designed by Knigcr, Inc. The average 

active) were added to 500 ml of sludge from Uie ibormo* temporature of the digester is usually near 65° C, Uewaier- 

philic digestion bystojTi, The percentage of solids in the in^ is accomplished on a Sliarpcls PoJynjixef 75000 cenlri- 

slud^e was sbout 4.4 percent .The beaker w&» allowed to siir 45 fiigp, Polymer inversion is accomplished on a Polyniixcr 

at i:i0 rpm for 30 secuads, at 30 seconds, the rpm was 500 which is designed for u dry polymer. Normal plane 

reduced ro OA ;irjd 250 ppm of CV 6140 in a 0,25 porccm opcraiion requires 1500 io 2000 ppm of Mulco 9909 obuin- 

hOlution were added to the beaker. After 15 seconds, the slir i^g varinblc sludge cake dryness, ft final cctitrate that is 

spec J mri slowed io 30 rpm and mixed for another 30 usuidly much over 2U0 ppm of rota] suspended solid and a 

secoLidK. Largo, heavy floe (e g with a diameter of at least 50 plaot throughput of 10 to 15 gpm sludge, 

about 4 mm) was formed wiih a very clear wpc/naiam. The ce/urifugy wa^ Marled up on CV 53S0 and Nalco 

liXAMPLE 4 590t) vVI111 ttlc C * V ^® ^ Via & a P°iy mtf r conccntraiion of 

, . , 400 ppm .ind rlK Nalco O90<> having a conccntra lion of 450 

Ajar test was performed ulilmiig an electrical varnbto pm Tnc certl[IfL1£t was mn beiwccn 45 and 55 &pm of 

.speed bealccr me system, 850 ppm of CV >?>M 55 sludge throughput, The prucUtcdd sludge was> over jS percent 

(Polya^yUmide with a DAUMaC canonic co-monomer) Cilkc ^ lkh T , K ccmmc ^ l]w 5Q TSS 
>vcre Added to aboiti ^00 ml of sludge rrom the ih»sruwphi]ic 

digestion syssiem, The percentage of solids in the sludge was CXaMPI .E 5 
ahotiT »1.4 percent, 'Ilic beaker wq* allowed io ritir at 90 rpm 

for i5 seconds, ai 15 sccondb, llie ipm was rcduceJ to 3d ftn A P lanl rcsl Wilii performed on Pen. IS, 199S at the 

The syacm was mix^l for anoiher 30 seconds. Small Hoc municipal wastewater treatment facility for the City of 

(e.£. wiih a diameicr under ahoui 3 mm) was formed wiih a Tcwkainu Tex. 'Hiis facility o^aiea « uadiiional anaerobic 

verj clear supcrnaiani. di^lion process. However, during the last six months of 

1997, Ihc digestion temperature was slowly increased to 

EXAMPLE 5 w 130 o p 0at , c thu d^cfltio,, lemperomre of 120" F. was 

A bench lesi was performed utilizing a glass jai to mix ihc obtained, the fecal coma dropped to zoro on thw <llgcsicd 

polymer wi;h tbe kludge, 350 ppm of Clear Value CV 53S0 sludge. 



